Introduction: ere are no guidelines about the management of glioblastoma multiforme (GBM) during pregnancy: treatment of these patients presents therapeutic and ethical challenges.
INTRODUCTION
Glioblastoma multiforme (GBM) is the most commonly diagnosed and malignant primary brain tumor. In a pregnant woman, however, it is an unusual and dramatic event because mother, family and physicians must deal with a hard challenge. As far as no current treatment of GBM is curative and there are no clear guidelines about its management in a pregnant woman, the potential benefits in terms of survival www.surgicalneurologyint.com
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to the mother offered by the standard treatment of GBM must be accurately balanced against the potential risks to the fetus. Herein, we present two cases of GBM occurred in pregnant women in different stages of gestational age, review the existing literature and discuss the therapeutic and ethical aspects.
CASE REPORT Case one
A 28-years-old female at the 14 th week of gestation was admitted in April 2016 due to headache, vomiting, and progressive asthenia in the previous 3 weeks. A brain magnetic resonance imaging (MRI) demonstrated a large right thalamic tumor [ Figure 1 ], and the MRI-spectroscopic study showed a high level of choline and low level of N-AcetylAspartate consistent with a high-grade glioma. She presented fully awake, with a slight left hemiparesis and headache. Later on, due to progressive neurological deterioration, she underwent in May 2 external ventricular drainage (EVD) in local anesthesia and 1 week later craniotomy and partial removing of the tumor under general anesthesia, with continuous fetal heart rate (FHR) monitoring, maintaining good fetal conditions during the operation. At the end of the month, she was discharged following the gynecological evaluation who revealed good clinical conditions of both, mother and fetus. 2 weeks later, she deteriorated neurologically presenting vomiting, stupor, and severe hemiparesis. A brain computer tomography scan showed hydrocephalus and she underwent on the left side, a ventricular-peritoneal shunt. e brain-MRI performed 2 days later showed a light improving the hydrocephalus. e abdomen ultrasonography was normal and she was discharged in good clinical conditions except a moderate left arm paresis. In July 5, a brain MRI showed a large thalamic tumor. In July 7, she had elective cesarean section and the day later, underwent a gross debulking of the tumor. Her clinical conditions improved progressively and in August she began CTX with temozolomide (TMZ) and XRT in a standard way. [20, 21] 12 months after surgery the patient had a moderate left arm paresis with small residual tumor showed on the brain-MRI [ Figure 2 ]. e baby was born with a retinopathy and bronco dysplasia due to the premature birth. He was treated with retinal laser therapy bilaterally and Lucentis intravitreous on the right side successfully. He was also treated with Synagis 15 mg/kg in 1/month and is growing normally under surveillance by pediatricians. e patient died 16 months after delivery.
Case two
A 38-years-old female, on the 28 th week of gestation, presented in November 15, 2014 , at the emergency department due to general asthenia associated with a headache, as well as left arm paresis and dysesthesia and a slight left facial deficit. A brain MRI showed a large right frontal tumor [ Figure 3 ]. She moved to the department of obstetrics-gynecology and after team counseling (oncologist, neurosurgeon, gynecologist, and neonatologist), 2 days later, she underwent an elective cesarean section. 5 days later she underwent craniotomy and exeresis of the tumor with intraoperative neuronavigation and ultrasound. e histology revealed GBM. e patient was evaluated by the oncologists and radiotherapists and began chemotherapy (CTX) and radiotherapy (XRT) (Stupp protocol). 12 months after surgery her clinical conditions progressively deteriorate with signs of regrowth on MRI [ Figure 4 ]. e baby was born with low birth weight and needed 2 months to stay in the neonatal intensive care unit; he was also treated with Synagis for 4 months. At the age of 4 months he was operated for hypertrophic pyloric stenosis; at present, he suffers epilepsy and sometimes tremor but has a normal psychomotor development. e patient survived 46 months after delivery.
DISCUSSION
GBM is the most aggressive and malignant primary brain tumor with a poor prognosis. Its standard treatment consists of maximal surgical resection, XRT, and concomitant and adjuvant CTX with TMZ. [9, 19, 20] GBM in a pregnant woman is a rare and a dramatic condition because mother, family, and physicians must face a difficult challenge. No current treatment of GBM is curative and there are neither guidelines nor enough evidence about its management in pregnancy; therapeutic strategies are based only on a few case reports and a small case series in literature [ Table 1 ]. [1, 6, 7, 17, 21, [23] [24] [25] e potential benefits in terms of survival to the mother by the standard treatment of GBM must be accurately balanced against the potential risks to the fetus. Treatment will depend on clinical-radiological presentation, histology, gestational age, and the patients' will.
THERAPEUTIC CONSIDERATIONS

Surgery
General considerations for anesthesia in pregnant patients undergoing nonobstetric operations have already been covered in several review articles; [15] specific considerations on anesthetic management of pregnant patients treated for brain tumors were published by Abd-Elsayed et al. in 2014. [1] A thorough evaluation of the management of pregnant patient during surgery is extremely complex and is beyond the purpose of this article. Many aspects such as maternal and fetal physiology, altered drug pharmacodynamics and pharmacokinetics (including placental transfer of drugs), gestational age, and nature of the brain pathology and fetal conditions should be considered. e ultimate goal is to provide safe anesthesia to the mother while simultaneously minimizing the risk to the fetus (including preterm labor or fetal demise). Until date, no anesthetic drug has been proven to be clearly hazardous to the human fetus; particularly, most anesthetic medications, including barbiturates, volatile anesthetic, propofol, opioids, muscle relaxants, and local anesthetics have been widely used during pregnancy with a good safety record. [15] Both, propofol and thiopental have favorable effects in terms of preservation of cerebral autoregulation and reduction in cerebral metabolic rate and intracranial pressure. General anesthesia may consist of induction with either propofol or thiopental plus a volatile anesthetic for maintenance or induction and maintenance with intravenous propofol. [11] Volatile anesthetics such as halothane, sevoflurane, desflurane, and isoflurane are shown to inhibit the uterine contractility, which may prove beneficial in preventing preterm contractions. [11, 15] One of the major concerns with surgery during pregnancy is the risk of maternal hypotension (due to blood loss and/or anesthesia), which may reduce placental perfusion [15, 22] Optimal timing of surgery in pregnant patients is an argument of debate. Surgery during the first trimester is associated with an increased risk of miscarriage; during second and third trimester, due to greater uterine irritability, surgery increases the risk of preterm labor; [11, 15, 22] and during the third trimester, according to Tewari, increased maternal intravascular volume, carries a high risk of intracranial hemorrhage. [21] In recent years, several authors agree on the high degree of safety of the neurosurgical intervention and anesthesia during pregnancy. Delaying surgery often resulted in maternal deterioration and urgent intervention. us, pregnancy by itself should not be considered a major contraindication for performing a neurosurgical procedure, which should be considered early rather than late in most patients. [6, 11, 13, 16] According to American College of Obstetricians and Gynecologists' Committee on Obstetric Practice, regardless of trimester, pregnant woman should not be denied indicated surgery. e choice of anesthetic technique(s), and the selection of appropriate drugs of anesthesia should be guided by maternal indications for surgery and the location of the surgical procedure.
XRT
e major potential complications of fetal radiation exposure include the death of a developing embryo, teratogenesis, growth retardation, central nervous system (CNS) effects, and induction of malignancy. Developing embryos pass different stages (preimplantation, organogenesis, and fetal growth), with specific sensitivities to the effects of radiation. During the first stage of development, the embryo is sensitive to lethal effects of 0.10 Gy of radiation or less, but it is resistant to teratogenic and growth retarding effects of radiation. [5] is means that overexposure in this stage could be lethal, and embryos that survive are generally free from any abnormalities. [4, 11] Teratogenesis is a major risk only during the period of early organogenesis, i.e. during the 3 rd and 4 th weeks of gestation, with doses over about 0.05 Gy. [5] Unlike other organ systems, the CNS remains sensitive to ionizing radiation throughout gestation and into the neonatal period. After the 4 th week of gestation, radiation doses over about 0.50-1.00 Gy may cause growth retardation and CNS effects such as microcephaly and eye malformations. [4, 5] e risk of inducing a late malignancy exists throughout all stages of fetal development, and no dose of radiation can be considered completely safe. It has been estimated that in utero exposure to 0.01-0.02 Gy of radiation may increase the risk of leukemia by 1.5 fold, increasing the incidence from 1 in 3000 children to 1 in 2000 children. is represents one additional case of leukemia per 6000 children. [4, 5, 11] Mazonakis et al. estimated fetal doses following irradiation of a "brain tumor" in a phantom pregnancy model with a linear accelerator. For a cumulative isocenter dose of 65 Gy, the maximum fetal absorbed dose was 80.9 mGy (0.089 Gy). [14] Similar results were reported by Haba et al. [10] Several doubts remain regarding safe threshold doses for deleterious effects; the international commission for radiation protection concluded that expected radiation effects, such as mental retardation and organ malformations probably only arise above a threshold dose of 0.1-0.2 Gy. [3] is threshold dose is not generally reached with curative XRT during pregnancy, considering that tumors are located sufficiently far from the fetus and that precautions have been taken to protect the unborn child against leakage radiation and collimator scatter of the teletherapy machine; such precautions also reduce the risk of radiationinduced childhood cancer and leukemia in the unborn child. [11, 12] Sneed et al. concluded that, when clinically indicated, it is possible to irradiate brain tumors to high doses during pregnancy with fetal exposure under 0.10 Gy, conferring an "increased but acceptable risk of leukemia in the child. " [18] CTX TMZ, an alkylating agent used in the treatment of malignant gliomas, is a pregnancy category D medication in USA, UK, and AU and is not advised for use in pregnant women or in those who are contemplating pregnancy. When in some cases, TMZ was used, it was always unintentionally and has been interrupted immediately (unplanned pregnancy in patients already harboring a high-grade glioma). [2, 8, 24] e current recommendations of TMZ are based on animal and epidemiological studies. Use of CTX during the second and third trimesters can result in intrauterine growth retardation, low-birth-weight, and premature delivery. e CNS, hematological system, genitalia, and eyes remain susceptible to the effects of CTX, with consequential neonatal myelosuppression, sterility, and neurobehavioral disorders. [11] Yust-Katz et al. retrospectively reviewed a series of patients with glioma during pregnancy: 15 patients were pregnant at the time of diagnosis and 18 became pregnant after a diagnosis of glioma. In the former group, none patients were treated with CTX. In the latter, Group 4 patients received CTX. ree patients who received CTX terminated her pregnancy (TMZ in two and procarbazine, CCNU, and vincristine in one). One patient, who was receiving TMZ and valproic acid at the time of diagnosis had medications stopped and decided to continue pregnancy. Unfortunately, the child was born with a neural tube defect and cerebral palsy. [24] Blumenthal et al. presented a case series of 6 women with malignant gliomas who during glioma-directed treatment were discovered to have an unplanned pregnancy. All patients elected to discontinue CTX and carry their pregnancy to term. All women had uneventful pregnancies with no gliomarelated complications. All women delivered healthy newborns without evidence of congenital malformations despite exposure to cytotoxic CTX and anticonvulsant medications. [2] Given the lack of data, recommendations on the use of CTX during pregnancy are difficult.
[11]
Ethical considerations
Glioblastoma is a primitive malignant brain tumor with poor prognosis. Its standard treatment is through surgery, XRT, and CTX. [9, 19, 20] Its diagnosis during pregnancy is quite rare and therefore brings to some ethical and clinical dilemmas. Neither guidelines nor treatment standards exist for GBM during pregnancy. Many suggestions come from case reports and case series on a few patients [ Table 1 ]. Some authors have proposed decision-making algorithms that can help in choosing the right therapy. [17, 21, 22] Such algorithms are based on multidisciplinary assessments (neurosurgeon, oncologist, gynecologist, and anesthetist) that consider the type of tumor, the clinical conditions of the fetus and the mother, and gestational age; the evaluation and the decision-making process cannot ignore an adequate disclosure of the potential risks and benefits that the therapy choices on mother and child can lead to. e ethical problem is that the mother has an ominous prognosis pathology whose medical history can be somehow influenced by cancer therapy, and such therapies, however, may imply potential risks for the fetus, both in terms of short-and long-term survival and morbidity (teratogenicity, carcinogenicity,…). It is a matter of "two patients in one," the mother who has a limited life expectancy given the malignant disease, and the child whose life expectancy would be normal but is influenced by his mother's health as well as the therapies that are performed. Considering the lack of guidelines our two cases (and also literature data) manifested heterogeneity of treatment-related greatly to the mother's and family's wishes [ Table 1 ], the type of therapy could be aimed at safeguarding majorly the mother or the son. On the one hand, we will see families choose, to maximize the cancer therapy for the mother and in consideration of the gestational age, the voluntary interruption of pregnancy or preterm delivery. e interruption of pregnancy, known as therapeutic abortion, will guarantee full coverage of cancer therapy for the mother and will eliminate the risk of having a child with problems caused by cancer therapy (and who will lose his mother). Preterm delivery will expose the child to the risks of prematurity but will avoid the threats of cancer therapy, and those that may be connected to the mother's decaying conditions. On the other hand, there are patients who decide to postpone all cancer treatments to carry on their pregnancy minimizing the risks provoked by cancer therapies on the fetus. is strategy exposes the mother to the risks of cancer progression while fostering the development of the child until the mother's neurological conditions will allow it; in these cases, it is important to inform the mother and the family that there is evidence in literature that shows that during pregnancy GBM has a greater growth pace [17, 24] and that the mother's neurologic decay may increase risks of abortion and complications for the fetus. [11, 17] Halfway therapeutic strategy could be reasonable with surgery (biopsy or resection) during pregnancy; based on gestational age and maternal condition, XRT and CTX with TMZ could be delayed after delivery; some authors advocate brain tumor irradiation during pregnancy. [11, 12, 18, 21] To date, CTX is not recommended during pregnancy. [11] In any case, the family must be informed of the potential risks and benefits of the single treatments on mother and child; surgery seems effective in reducing neurological symptoms by treating/preventing intracranial hypertension. At the same time, it guarantees the certainty of the histologic diagnosis and allows the protraction of pregnancy. [6, 11, 13, 14] Notwithstanding, modern anesthesiological and surgical techniques complications such as abortion, preterm delivery, or teratogenicity cannot be avoided; they may be yielded by drugs or by the mother's physiological alterations during the operation (hypotension, anemia …). [1, 11, 15, 22] Some evidence in literature suggests that XRT for brain tumor could be administered during pregnancy with lesser risks for the fetus, [18] however, threats connected to teratogenicity cannot be assured and the true risk of developing neoplasms during childhood in sons of XRT-treated mothers during pregnancy is unknown.
Based on our experience and literature data, we proposed a decision-making algorithm, similar to that already published, [17, 21, 22] but emphasizing the role of mother's will [ Figure 5 ]. In patients submitted to surgery during the first half of pregnancy (first trimester and early second trimester), based on literature data, we should discuss with the patient and her family the potential risk and benefit of XRT during pregnancy (leaving to them the decision to accept or refuse this treatment); in case of patients submitted to surgery during the second half of pregnancy we suggest to delay XRT immediately after delivery to reduce risk for the fetus.
In our first patient, there was a 28-years-old mother at her first pregnancy in the 14 th week of the gestational age with a huge right thalamic mass with radiological features of high-grade glioma. e multidisciplinary team which included the intensive care unit consultant, medical oncologist, XRT consultant, high risk obstetrician, and neonatologist as well as psychologist and religious referent, discussed with the mother and her family all the risks and benefits of the pregnancy, the natural history of the disease and the possible outcome as well as the available treatment options. It was decided first to put an EVD and a partial removing of the tumor and to support the mother during her pregnancy without XRT or TMZ to avoid even the minimal risk to the fetus and do elective CS in the week of 24 th . After the birth, we perform a gross resection of the remained tumor and begin the XRT and TMZ. We managed to deliver the baby safely at week 24 trying to preserve as much as possible the neurological conditions of the mother. In the second case, the will of the patient and her husband was to deliver the baby as soon as possible and to begin with the standard treatment of GBM. In both cases, we respected their will to avoid any eventual deleterious effects of the fetus in case of beginning XRT and/or TZM during the pregnancy, giving to both the maximal cure.
CONCLUSIONS
When the most malignant primary brain tumor such as GBM, affects a pregnant woman, it becomes a very challenge situation, as far as no current treatment for GBM is curative and there are neither guidelines nor enough evidence about the management of such a dramatic situation in pregnancy. e available literature data suggest that brain surgery during pregnancy can be performed with acceptable risk for mother and fetus; XRT could be administered with increased even though acceptable risks for the fetus; and data are not sufficient to recommend the use of TMZ in pregnancy. Mother has a poor prognosis; fetus' prognosis depends on mother's condition and therapy. e chosen approach should involve several professional roles, the patient and familiars should have a deep explanation of the situation, and their will should prevail.
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